A novel Gram-stain-negative, non-motile, non-spore-forming, non-flagellated, aerobic, beige-coloured and rod-shaped bacterium, designated strain KHS02 T , was isolated from the intestinal tract of a Japanese flying squid, Todarodes pacificus, which was collected from the East Sea, Korea. Phylogenetic analysis of 16S rRNA gene sequences revealed that strain KHS02
Studies of bacterial luminescence systems and quorum sensing using Vibrio harveyi and Vibrio fischeri have considerably expanded our knowledge of microbial interactions in squid (Belas et al., 1982; Kaplan & Greenberg, 1985) . However, symbiotic interactions between gut microbes and cephalopods have received little attention and it is unclear whether they engage in mutualistic symbiosis. To advance our knowledge in this area, this study focused on identifying novel micro-organisms in the gut of Japanese flying squid that may affect host physiology, either beneficially or detrimentally, and that are engaged in interactions with other gut microbes to modify the physiological effects of marine environments on squid.
The intestinal tract of a Japanese flying squid, Todarodes pacificus, collected from the East Sea of Korea, was used as a source of bacterial isolation. Intestinal contents in filtered PBS buffer (Bioneer) were homogenized and inoculated onto marine agar 2216 (MA; Difco) plates. After inoculation, these plates were cultured at 15 and 25 8C. After standard dilution plating, 169 bacterial isolates were isolated. To obtain a pure culture, a single colony was cultured at least three times. The isolate was stored at 280 8C in marine broth 2216 (MB; Difco) containing 40 % (v/v) glycerol. One of these isolates, strain KHS02 T , shared highest 16S rRNA gene sequence similarity with the type species of the genus Pseudahrensia, designated Pseudahrensia aquimaris HDW-32 T (Jung et al., 2012) . To investigate the taxonomic position of strain KHS02 T , we performed phylogenetic analysis of 16S rRNA gene sequences, determined genetic relatedness using DNA-DNA hybridization and performed chemotaxonomic phenotypic analyses.
The 16S rRNA gene of the isolate was amplified by the colony PCR method with PCR pre-mix (iNtRon Biotechnology) and two universal bacteria-specific primers and Bac 1492R (59-GGYTACCTTGTTACGACTT-39)] (Lane, 1991 T were assembled using the SeqMan program (DNASTAR). To determine its taxonomic position with respect other taxa, the assembled 16S rRNA gene sequence (1433 nt) was used to compare sequence similarities with those of other related species using the EzTaxon-e server (Kim et al., 2012) . Strain KHS02 T showed highest sequence similarity (98.67 %) with the type strain of P. aquimaris. For phylogenetic analysis, the 16S rRNA gene sequences of closely related species and strain KHS02 T were aligned by CLUSTAL W (Thompson et al., 1997) . A phylogenetic consensus tree was obtained using the program MEGA version 5 (Tamura et al., 2011) . The neighbour-joining (NJ) algorithm (Saitou & Nei, 1987) was used for tree reconstruction, and the maximum-parsimony (MP) (Kluge & Farris, 1969) and maximum-likelihood (ML) algorithms (Felsenstein, 1981) were used for additional comparisons. The phylogenetic tree showed that strain KHS02
T formed a monophyletic clade with the type species of the genus Pseudahrensia, P. aquimaris HDW-32 T ( Fig. 1) . P. aquimaris KCTC 23345
T (5HDW-32 T ) was obtained from the Korean Collection for type Cultures (KCTC) to investigate the features of strain KHS02 T using a polyphasic approach. Because sequence similarities with other all closely related strains were lower than 95.02 %, we did not examine these strains in this study.
The optimal growth conditions of strain KHS02
T were determined by incubating the strain under various conditions of temperature, salinity and pH. The growth temperature test was performed in MB at 0, 4, 10, 15, 25, 30, 37, 45, 55 and 65 8C. The growth salinity test was determined using laboratory-made MB depleted of NaCl, then supplemented with 1, 2, 3, 4, 5, 6, 8, 10, 12, 14 and 17 % (v/v) NaCl. To determine the optimal pH range, media with pH values ranging from pH 4 to 10 (at intervals of 1.0 pH unit) were adjusted by adding 2 M HCl or 1 M KOH to media buffered with MES (10 mM; pH 4-6), TAPS (10 mM; pH 7-9) or Na 2 HPO 4 (10 mM; pH 10-11) (all from Sigma-Aldrich). To obtain more detailed information of growth conditions, further growth temperature and pH tests were performed in MB at 6, 8, 32, 34 and 36 8C, and at pH 5.2, 5.4, 5.6, 5.8, 10.2, 10.4, 10.6 and 10.8. The turbidity of each culture at 24 h, 48 h and 1 week was assessed by measuring the optical density at 600 nm in a spectrophotometer (Synergy MX; BioTek) according to the method of Hyun et al. (2015) . Gram-staining, cell morphology and colony appearance were examined after incubation under optimal growth conditions for 48 h. Gram-staining was performed using a Gram-staining kit (bioMérieux) according to the manufacturer's instructions. Cell morphology was observed under a light microscope (Eclipse 50i; Nikon), and cell size was determined using the program ProgRes CapturePro (version 2.8.8). Cell motility was tested by inoculating strain KHS02
T into semi-solid MB medium containing 0.4 % agar (Tittsler & Sandholzer, 1936) . Growth under anaerobic conditions was checked after incubating the isolate for 7 days in an anaerobic chamber filled with an atmosphere of N 2 (90 %), H 2 (5 %) and CO 2 (5 %). The facultatively anaerobic strain Lactobacillus intestinalis DSM 6629
T was used as a positive control. Strain KHS02
T grew optimally at 25 8C (range, 6-32 8C) in the presence of 2 % (w/v) NaCl (range, 1-5 %) at pH 7
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Hoeflea phototrophica DFL-43 T (ABIA02000018) (range, pH 6-10), and was a Gram-stain-negative, rod-shaped (0.70-0.80 mm wide and 1.95-2.05 mm long), non-motile and obligate aerobe.
The biochemical characteristics of strain KHS02 T including its enzyme activities, ability to decompose amino acids, assimilation patterns and acid production were checked using commercial kits. Catalase activity was checked by observing bubble production after exposure to 3 % (v/v) hydrogen peroxide solution. Oxidase activity was checked by observing blue colour development after exposure to 1 % (w/v) tetramethyl-p-phenylenediamine (bioMérieux). Enzyme activities were identified using API ZYM test strips (bioMérieux), and assimilation patterns and decomposition of amino acids were checked using API 20 NE test strips (bioMérieux). Acid production from various carbohydrates was characterized using API 50 CH test strips (bioMérieux) with API 50 CHB/E medium (bioMér-ieux). Strain KHS02
T was positive for both catalase and oxidase activities. The complete results of the biochemical tests for strain KHS02
T are presented in the species description and compared with its closest related strain in Table 1 .
Fatty acids, polar lipids and isoprenoid quinone analyses were performed on cells harvested from MA plates in the presence of 2 % (w/v) NaCl at pH 7 after cultivation at the optimal growth temperature, 25 8C. Fatty acids were extracted according to the standard protocol of the Sherlock Microbial Identification System (MIDI, 1999), analysed using an Agilent 6890 gas chromatograph (Agilent Technologies), and identified using the Microbial Identification software package (Sherlock, version 6.2) and the TSBA6 database (Sasser, 1990) . The fatty acid profile of strain KHS02
T was typical of other strains belonging to the genus Pseudahrensia. The predominant fatty acids (.5 % of the total) were summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c, 65.92 %), C 18 : 1 v7c 11-methyl (10.54 %), C 18 : 0 (6.49 %) and summed feature 2 (C 12 : 0 ALDE, C 14 : 0 3-OH/iso-C 16 : 1 I and/or unknown ECL 10.928, 5.53 %). The complete fatty acid compositions of the isolate and P. aquimaris KCTC 23345 T are presented in Table 2 . Polar lipids were extracted from strain KHS02 T according to the method of Xin et al. (2000) and separated by two-dimensional TLC on a silica gel 60 F 254 plate (Merck). Two different solvents were used for development: chloroform/methanol/water (65 : 24 : 4, by vol.) for the first dimension (from left to right) and chloroform/acetic acid/methanol/water (80 : 15 : 12 : 4, by vol.) for the second dimension (from bottom to top). Polar lipids were visualized by spraying the plates with 5 % (v/v) ethanolic molybdophosphoric acid (Sigma-Aldrich) as described by Tindall (1990) and identified using two reagents: Ninhydrin reagent for amino-group-containing lipids and Zinzadze reagent for phosphorous-group-containing lipids. Phospholipids were identified by comparing the spots of strain KHS02
T with those of four standard compounds [phosphatidylcholine (PC), phosphatidylglycerol (PG), phosphatidylethanolamine (PE) and diphosphatidylglycerol] (Sigma-Aldrich), which were developed together with the test sample by one-dimensional TLC on a silica gel 60 F 254 plate (Merck) using chloroform/methanol/acetic acid/water (50 : 6 : 6 : 1, by vol.) as the mobile solvent. The polar lipid profile showed that strain KHS02 T contained PE, PC and PG (which are also found in P. aquimaris HDW-32 T ), two unidentified aminolipids, an unidentified phospholipid and an unidentified lipid (Fig. S1 , available in the online Supplementary Material). Isoprenoid quinones were extracted from strain KHS02 T using the method described by Collins & Jones (1981a) and then analysed by reversed-phase HPLC (Collins & Jones, 1981b ) on a Thermo ODS HYPERSIL (25064.6 mm) column. The predominant isoprenoid quinone Unless otherwise indicated, all data are from the current study. Both strains were negative for growth under anaerobic conditions and were positive for catalase, oxidase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and b-galactosidase enzyme activities (API ZYM). Acid was produced from L-arabinose, ribose, D-xylose, galactose, glucose, fructose, D-fucose, L-fucose, D-arabitol and 5-keto-gluconate (API 50 CHB). Reactions for which both strains were negative are not listed. +, Positive; 2, negative. detected in strain KHS02 T was ubiquinone-10 (Q-10), which is in accordance with the isoprenoid quinone content of other members of the family Phyllobacteriaceae (Peix et al., 2005) .
For genotypic analyses, genomic DNA of strain KHS02 T and P. aquimaris KCTC 23345 T was extracted as described by Rochelle et al. (1992) . The DNA G+C content was analysed using a fluorometric method based on the CFX96 Real-Time PCR Detection System (Bio-Rad Laboratories) and quantified using SYBR Gold I (Invitrogen) (Gonzalez & Saiz-Jimenez, 2002) . Genomic DNA from Bacteroides thetaiotaomicron JCM 5827 T (42.9 mol%), Bacteroides fragilis JCM 11019 T (43.2 mol%), Escherichia coli K-12 (50.8 mol%) and Streptococcus parasanguinis ATCC 15912 T (41.7 mol%) was used for calibration. By comparing the predicted theoretical values with the experimental measured values of the calibration strains, the DNA G+C content of strain KHS02
T was predicted from the experimental measured value. The DNA G+C content of strain KHS02
T was 58.6 mol%, which is close to that reported for the genus Pseudahrensia (60.1 mol%; Jung et al., 2012) . To determine the genetic relatedness between strain KHS02
T and the reference strain, DNA-DNA hybridization was performed using a genome probing microarray (Bae et al., 2005; Bae & Park, 2006; Chang et al., 2008a, b) and the data were analysed using the program Array Sifter Express (version 1.3). The results showed that the genetic relatedness value between strain KHS02 T and the type strain of P. aquimaris was 16.2¡1.3 % (reciprocal, 15.7¡2.8 %) (Table S1 ). Using a species classification cut-off value (70 %) as described by Wayne et al. (1987) , KHS02 T is considered to represent a distinct genomic species.
Together, the biochemical, chemotaxonomic, phylogenetic and genotypic properties determined herein suggest that strain KHS02
T represents a novel species of the genus Pseudahrensia, for which the name Pseudahrensia todarodis sp. nov. is proposed.
Description of Pseudahrensia todarodis sp. nov.
Pseudahrensia todarodis (to.da.ro9dis. N.L. gen. n. todarodis of the squid Todarodes pacificus, from which the type strain was isolated).
Cells are Gram-stain-negative, non-motile, non-sporeforming, non-flagellated, aerobic and rod-shaped (0.70-0.80 mm wide and 1.95-2.05 mm long). After 48 h under optimal growth conditions, colonies on MA are beigecoloured, devoid of moisture, circular, raised, smooth and convex with an intact margin. Growth occurs at 6-32 uC, at pH 6-10 and in the presence of 1-5 % (w/v) NaCl. Cells grow optimally at pH 7, at 25 uC and with 2 % (w/v) NaCl. Positive for oxidase, catalase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, trypsin, acid phosphatase, naphthol-AS-BIphosphohydrolase and b-galactosidase enzyme activities. Acid is produced from L-arabinose, ribose, D-xylose, galactose, glucose, fructose, D-fucose, L-fucose, D-arabitol, 5-keto-gluconate, glycerol, mannose, mannitol, sorbitol and aesculin. The predominant isoprenoid quinone is Q-10. The major fatty acids (w10 % of the total) are summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c) and 11-methyl C 18 : 1 v7c. The polar lipids comprise PC, PG, PE, two unidentified aminolipids, an unidentified phospholipid and an unidentified lipid.
The type strain, KHS02
T (5KACC 18257 T 5JCM 30419 T ), was isolated from the intestinal tract of a Japanese flying squid, Todarodes pacificus, which was collected from the East Sea in Korea. The genomic DNA G+C content of the type strain is 58.6 mol%. 
